20(S)-ginsenoside Rg3 enhances glucose-stimulated insulin secretion and activates AMPK.
Although Panax ginseng has been widely used in oriental countries for pharmacological effects such as anti-diabetic, anti-inflammatory, adaptogenic and anti-fatigue activities, the active ingredient is not yet fully identified. In our preliminary studies, protopanaxadiol ginsenosides showed the insulin secretion-stimulating activity. In HIT-T15 cells, Rg3 enhanced the insulin secretion in a concentration dependent manner. This effect, however, was almost completely abolished in the presence of diazoxide (K+ channel opener) or nifedipine (Ca2+ channel blocker). Oral glucose tolerance test (OGTT) was also performed using ICR mice and Rg3 suppressed the blood glucose levels from rising by enhancing an insulin secretion at 30 min after administration. From these studies, we may conclude that Rg3 lowered the plasma glucose level by stimulating an insulin secretion and this action was presumably associated with ATP sensitive K+ channel. Next, to explore the hypothesis that ginsenoside Rg3 epimers may exhibit differential effects, glucose-stimulated insulin secretion activity and phosphorylation of AMP-activated protein kinase (AMPK) were compared between 20(S)- and 20(R)-ginsenoside Rg3. 5 microM of 20(S)-Rg3 enhanced the glucose-stimulated insulin secretion by 58% compared to the control, but 20(R)-Rg3 did not show any effect. In C2C12 myotubes, 20(S)- and 20(R)-Rg3 both markedly phosphorylated AMPK and acetyl-CoA carboxylase (ACC), although 20(R)-Rg3 showed a little less effect. Taken together, our results suggest that ginsenoside Rg3 epimers showed differential activities, and 20(S)-Rg3 epimer exhibited the higher pharmacological effects in insulin secretion and AMPK activation than 20(R)-Rg3. The novel characteristics of 20(S)-Rg3 may be a valuable candidate for anti-diabetic agent.